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Wave generatorsThis paper presents an application of the gravitational search algorithm (GSA) to optimally obtain the
location of thyristor controlled series capacitor (TCSC) devices to enhance the power system performance
involving wave generators. Archimedes wave swing based wave energy conversion systems are used
through this study, where linear permanent magnet synchronous generators are used. To examine the
validation of the presented optimization method, three case studies are carried out on the IEEE 39 bus,
IEEE 57 bus, and IEEE 118 bus systems. This validity is verified by the simulation results, which are per-
formed using MATLAB program. Also a comparison is made between the GSA-based system results and
that of using genetic algorithm (GA). The system performance using the GSA algorithm is better than that
of using the GA.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
There are huge efforts exerted for renewable energy systems
worldwide. Many studies have been done on wind energy systems
and photovoltaic systems, taken into account that these systems
have high penetrations into the power grid [1–8]. Recently, the sci-
entific researches for renewable energy systems have been ori-
ented to the wave and tidal energies because of its largest energy
per-unit volume [9]. There are significant amounts of energy
within the seas and oceans and it should serve the power systems.
However, the wave generators have some adverse impacts on the
power systems such as power variation and the need to the reac-
tive power management. Therefore, this study focuses on the wave
generation systems and its impact on the power system, including
transmission Flexible Alternating Current Transmission System
(FACTS) devices. Thyristor-controlled series compensation device
is considered as one of the series FACTS devices that can enhance
the power system performance and control the power flow
through a transmission line by compensating the transmission line
reactance. According to [10,11], the thyristor controlled series
capacitor (TCSC) can improve the loadability under outage and
normal conditions. The TCSC can also improve the voltage profile
as proved in [11]. In [12], the TCSC keeps the system in operation
without any indices violation under a high wind penetration. Itcan be found that the TCSC supports the wind generation variation
through a reduction of system power loss. Also, the TCSC improves
the voltage stability through increasing of minimum voltage [12].
Finally, the authors of [12] concluded that TCSC can achieve cost
saving beside the power system enhancement. In [13], a compar-
ison between two ranges of TCSCs was carried out. It can be real-
ized that a pure capacitive range of the TCSC is the most
effective range.
Several optimization methods such as genetic algorithm, mixed
integer quadratic programming, bacterial swarm optimization, and
particle swarm optimization have been used to obtain the
optimum size and allocation of FACTS devices in power systems
[14–17]. The great development of heuristic optimization tech-
niques lead the authors to use the gravitational search algorithm
(GSA) to find the optimum size and allocation of the TCSCs in order
to enhance the power system performance including the wave
generators.
The gravitational search algorithm (GSA) is a meta-heuristic
physics-based optimization technique. It presented by Rashedi
et al. in 2009 [18]. The concept of the GSA is based on Newton
gravitational law and the law of motion. In this proposed algo-
rithm, agents are objects and their performance is measured by
their masses. All objects attract each other by the gravity force
leading to a global movement of all objects towards heavier masses
objects. The heavy masses that correspond to the good solutions
move slower than the light masses. This ensures exploitation of
the GSA approach. The proposed GSA was compared with other
heuristic optimization techniques such as particle swarm
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optimization problems [18]. The results confirmed its high perfor-
mance and the superiority to these techniques. The main advan-
tage of the GSA is that the gravitational constant decays with
time to control the search accuracy and expedites the convergence
process. The GSA has been successfully applied to solve many
power system optimization problems such as optimal reactive
power dispatch [19,20], optimal power flow [21], and multi-
distributed generation planning [22]. Recently, it has been
explored in electric machines design such as magnetizers design
[23].
In this Paper, optimal locations, numbers and size of TCSCs is
carried out to enhance the power system performance with wave
energy exist.2. Wave modeling
The wave energy system consists of an Archimedes wave swing
(AWS) device coupled with a linear permanent magnet syn-
chronous generator (LPMSG) to convert the mechanical power into
electrical power. The AWS device can be modeled using Newton’s
second law and the LPMSG is modeled by the stator voltage equa-
tions in the dq0 reference frame [24].
Dynamic model of wave generator is presented in [25]. The
model presented in [25] can be reduced to a real and reactive
power (PQ) model but with zero reactive power supplied from
the wave generator to the network, where the steady state analysis
is studied in this paper.3. TCSC model
The TCSC is one of the most techno-economical FACTS devices.
It can enhance the power system performance through the reactive
power management of the system branches with a suitable cost
saving [12]. In [14], the TCSCs have two characteristics; capacitive
or inductive, to decrease or increase the reactance of the system
branch XL. According to the TCSC model used in [12], the TCSC is
considered as a variable reactance device, which is inserted in ser-
ies with the branch reactance, as shown in Fig. 1.
In this article, this model is used with the equivalent TCSC reac-
tance range from 0.3 to 0.7 of the line reactance (XL) to avoid
the resonance.Table 1
Genetic algorithm aspects.
Population type and size First genetic ‘‘bit string”4. Optimization techniques
In this article, optimal locations, numbers and size of TCSCs are
selected using Genetic algorithm (GA) and the GSA to enhance the
power system performance.Fig. 1. TCSC model.4.1. Genetic algorithm (GA)
The selected method is to use two simple GA’s with aspects as
shown in Table 1. One GA characteristic is used to find the loca-
tions and a number of TCSCs and the other GA obtains the size of
TCSCs. The population size is taken as 20 which is enough to solve
the proposed problem and does not differ a lot than population size
of 100 as explained in [10]. The program details are explained in
the following paragraphs [26].
First, a group of random binary locations are multiplied by
TCSCs values; this multiplication makes change in the branches
reactances. The fitness function is then computed from the power
flow all over a TCSCs range.
Finally, check stopping criteria; if the stopping criteria are not
reached, another generation will be started. The objective is total
loss reduction without power system indices violation. MAT-
POWER [27] is used to run the power flow and calculate the total
real power loss.
In the program, the branch reactance is replaced by a reactance
function of TCSC added as in Eq. (8):
Branch reactance ¼ old line reactanceþ Reactance of TCSC ð8Þ
In this paper, the program in [26] has been improved by making
the available locations for TCSCs are the most severe lines and their
surroundings.
4.2. Gravitational search algorithm (GSA)
The GSA is a meta-heuristic physics-based optimization tech-
nique. The GSA depends mainly on the laws of gravity and motion.
In this algorithm, agents (masses) are objects which attract each
other by the gravity force resulting in a global movement of all
objects towards heavier masses objects. This concept is based on
the gravity law, where the gravity force between any two particles
is directly proportional to the product of the two masses. This
means that the heaviest mass that contributes to the high gravita-
tional force is an optimum solution within the search space [18].
There are four specifications for each mass: position, inertial mass,
active gravitational mass, and passive gravitational mass. The mass
position is a candidate solution and the gravitational and inertial
masses are determined using a fitness function. For a system con-
sists of N masses, the position of the ith mass can be written as
follows:
Xi ¼ ðx1i ; . . . :; xdi ; . . . :xni Þ for i ¼ 1;2; . . . ;N ð9ÞSecond genetic ‘‘double vector”
Size 20
Scaling function Rank
Selection function stochastic uniform
Reproduction elite count—2
Crossover fraction 0.8
Mutation mutation function—Gaussian
Scale 1
Shrink 1
Crossover function scattered
Migration direction—forward
Fraction 0.2
Interval 20
Stopping criteria generation—30
Time limit infinite
Stall generation 50
Stall time 20
Function tolerance 1e006
non-linear constraint tolerance 1e006
Yes
Generate initial population in the search space
Evaluate the fitness for each agent
Convergence 
criteria satisfied?
No
End
Update the G, best, and worst of the 
population
Calculate M and a for each agent
Update the velocity and position
Determine the best solution
Start
Fig. 2. Flowchart of the GSA approach.
M.A. Attia et al. / Engineering Science and Technology, an International Journal 19 (2016) 1661–1667 1663where n is the dimension of the problem, and xdi is the position of the
ithmass in the dth dimension. Generally, themasses are initially gen-
erated randomly in the search space. At any time t, the gravitational
force acting on mass i from mass j is defined as follows [19]:
FdijðtÞ ¼ GðtÞ
MpiðtÞ MajðtÞ
RijðtÞ þ e ðx
d
j ðtÞ  xdi ðtÞÞ ð10Þ
where Mpi is the passive gravitational mass of the mass i, Maj is the
active gravitational mass of the mass j, G(t) is the gravitational con-
stant at a time t, e is a small constant, and Rij(t) is the Euclidian dis-
tance between the two masses i and j, and it can be expressed as
follows:
RijðtÞ ¼ jjxiðtÞ; xjðtÞjj2 ð11Þ
It is supposed that the total force that acts on the mass i in the
dth dimension be a randomly weighted sum of dth components of
the forces exerted from the other masses.
Fdi ðtÞ ¼
XN
j¼1;j–irandj F
d
ijðtÞ ð12Þ
where randj is a random number varying from 0 to 1.
Based on the law of motion, the acceleration of the mass i at a
time t and in a direction dth is written as follows:
adi ðtÞ ¼
Fdi ðtÞ
MiiðtÞ ð13Þ
where Mii is the inertial mass of the ith mass.
Moreover, the velocity and position of the mass i in the dth
dimension are updated by using the following formulas,
respectively:
vdi ðt þ 1Þ ¼ randi  vdi ðtÞ þ adi ðtÞ ð14Þ
xdi ðt þ 1Þ ¼ xdi ðtÞ þ vdi ðt þ 1Þ ð15Þ
where randi is a random number varying from 0 to 1 to give a ran-
domized feature to the search.
At starting, G(t) is initialized with an initial value Go and then
decreases with time to control the search accuracy. In the proposed
algorithm, G(t) is described by the following equation:
GðtÞ ¼ Goeaðt=TÞ ð16Þ
where a is a constant, t is the current iteration, and T is the maxi-
mum number of iterations.
The gravitational and inertial masses are calculated by using the
fitness function. It is assumed that these masses are equal and can
be updated by the following formulas:
Mai ¼ Mpi ¼ Mii ¼ Mi for i ¼ 1;2; . . . ;N ð17Þ
miðtÞ ¼ fitiðtÞ worstðtÞbestðtÞ worstðtÞ ð18Þ
MiðtÞ ¼ miðtÞXN
j¼1
mjðtÞ
ð19Þ
where fiti(t) is the fitness value of the mass i at time t, and best(t)
and worst(t) are defined to a minimization problem as follows:
bestðtÞ ¼ j 2 f1; . . . ; N
min
gfitjðtÞ ð20Þ
worstðtÞ ¼ j 2 f1; . . . ; N
max
gfitjðtÞ ð21Þ
Moreover, the last two equations are reversed for a maximiza-
tion problem.The complete flowchart of the GSA approach is shown in Fig. 2.
The initial populations in this paper are the locations available
for the TCSCs then GSA multiplies these locations by the values
of TCSCs all over the range.
5. Ranking of lines
Ranking of lines is made according to the following techniques:
Transformer substations are not considered as transmission
lines in our analysis.
5.1. First ranking method (minimum voltage)
1. Outage is carried out to all system lines one by one.
2. Then check nodal voltages for each line outage.
3. The line has higher ranking if it results in lowest nodal voltage
due to its outage
4. GA and GSA searches in the top lines in the ranking and its
surroundings.
5.2. Second ranking method (overload)
1. Outage is carried out to all system lines one by one.
2. Then check if any line is overloaded for each line outage.
3. The line has higher ranking if its outage causes the system lines
to be more overloaded.
4. GA and GSA searches in the top lines in the ranking and its
surroundings.
This article focuses on solving the wave generators steady state
problems in power systems (such as active and reactive loss
increase and voltage profile problems) by using TCSC devices.
The main objective is to minimize loss of the system without
power system indices violated through the reactive power
Fig. 3. A single-line diagram of the IEEE 30 bus system.
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techniques is carried out in this article.6. Simulation results
6.1. Case study 1
The IEEE 30 bus system is taken as the system under study. The
generator at buses 1, 2 and 22 are taken as wave generators. A
single-line diagram of the system is shown in Fig. 3 [10]. The data
of the system is given in [27]. The system consists of 30 buses, 41
branches, and 6 generators at buses 1, 2, 22, 23, 27, and 13.
This study is carried out for a range of TCSCs from30% to70%
of the line reactance. Optimal allocation of TCSC with the GA and
GSA are considered. Also two ranking techniques are studied
according to a minimum voltage and overload ranking.
After running the program with the two methods of ranking
with the two optimization techniques, the power flow results with
and without TCSC show that: No line suffers from power flow out
of limits given in [27]. According to voltage profile, Result shows
that some buses suffer from voltage less than 0.9 pu but with
TCSCs insertion using the two optimization techniques, the buses
voltage return to more than 0.9 pu, as shown in Table 2.
Summary of the system performance:
As shown in Table 3:
Without TCSCs devices, the system minimum voltage is 0.875,
active power loss is 4.25 MW and reactive power loss is 18.03
MVAr.With TCSCs devices using GA by minimum voltage ranking:Table 2
Voltage profile with and without TCSCs insertion.
Bus
No.
Without
TCSCs (pu)
With TCSCs GA minimum
voltage ranking (pu)
With TCSCs
voltage rank
2 0.8957 0.9356 0.9408
3 0.895 0.9327 0.9368
4 0.8946 0.9319 0.9359
5 0.8863 0.9275 0.9343
6 0.8874 0.927 0.9327
7 0.8764 0.9185 0.9265
8 0.8749 0.9164 0.9268
9 0.8955 0.9252 0.9294
10 0.8998 0.9243 0.9269
11 0.8955 0.9252 0.9294
28 0.8975 0.9442 0.9397minimum voltage increases to 0.916 pu which can be considered as
an improvement to the voltage stability, active power loss reduces
to 3.41 MW i.e. decreases by around 19.7% and finally the reactive
power loss reduces to 13.23 MVAr i.e. decreases by around 26.6%.
This can be considered as a reserve for the active and reactive
power of the system. With TCSCs using GSA by minimum voltage
ranking: minimum voltage increases to 0.924 pu which can be
considered as improvement to voltage stability, active power loss
reduces to 3.35 MW i.e. decreases by around 21.17% and finally
reactive loss reduces to 11.79 MVAr i.e. decreases by around
34.61%. This can be considered as reserve for active and reactive
power of the system. With TCSCs using GA by overload ranking:
minimum voltage increase to 0.902 pu which can be considered
as an improvement to voltage stability, active power loss reduced
to 3.84 MW i.e. decreased by around 9.6% and finally reactive loss
reduced to 15.38 MVAr i.e. decreased by around 14.7%. This can be
considered as reserve for active and reactive power of the system.
With TCSCs using GSA by overload ranking: minimum voltage
increases to 0.902 pu which can be considered as improvement
to voltage stability, active power loss reduces to 3.81 MW i.e.
decreases by around 10.35% and finally reactive loss reduces to
14.48 MVAr i.e. decreased by around 19.7%. This can be considered
as reserve for active and reactive power of the system
Tables 4 and 5 show number and locations of TCSCs.
From results of case study 1, it can be found that the GSA with a
minimum voltage ranking gives better results but in the expense of
the number of TCSCs devices used.6.2. Case study 2
The IEEE 57 bus system is taken as the system under study. The
generator at buses 1, 3 and 6 are taken as wave generators. The
data of the system is given in [27]. The system consists of 57 buses,
80 branches, and 7 generators at buses 1, 2, 3, 6, 8, 9 and 12.
This study is carried out for a range of TCSCs from30% to70%
of the line reactance. Optimal allocation of TCSC with GA and GSA
are considered. Also two ranking techniques are studied ranking
according to minimum voltage and over load ranking.
After running the programwith the twomethod of ranking with
the two optimization techniques, the power flow results with and
without TCSC show that: Minimum voltage ranking method failed
to enhance system problems. Line 2 suffers from power flow out of
limits given in [28] as shown in Table 6. But GA and GSA with over-
load ranking succeeded to return system to its limits. According to
voltage profile, result shows that 4 buses suffer from voltage less
than 0.9 pu but with TCSCs insertion with overload method of
ranking in GA optimization technique 3 buses voltage return more
than 0.9 pu and in case of GSA optimization technique all 4 buses
voltage return to more than 0.9 pu as shown in Table 7.
Summary of System performance:GSA minimum
ing (pu)
With TCSCs GA
overload ranking (pu)
With TCSCs GSA
overload ranking (pu)
0.9232 0.9255
0.9208 0.9223
0.9202 0.9213
0.9139 0.9163
0.9146 0.9147
0.9041 0.9051
0.9022 0.9022
0.9128 0.9129
0.9119 0.912
0.9128 0.9129
0.9219 0.9219
Table 4
Number of TCSCs with minimum voltage ranking.
Line
No.
From
Bus
To
Bus
Line
reactance
(pu)
TCSC as percentage
of line reactance
GA
TCSC as percentage
of line reactance
GSA
6 2 6 0.18 30 30
7 4 6 0.04 0 70
9 6 7 0.08 30 70
10 6 8 0.04 0 70
11 6 9 0.21 0 30
12 6 10 0.56 70 30
35 25 27 0.21 30 30
36 28 27 0.4 70 70
37 27 29 0.42 0 70
38 27 30 0.6 30 70
39 29 30 0.45 30 30
40 8 28 0.2 0 30
41 6 28 0.06 0 70
Table 5
Number of TCSCs with overload ranking.
Line
No.
From
Bus
To
Bus
Line
reactance
(pu)
TCSC as percentage
of line reactance
GA
TCSC as percentage
of line reactance
GSA
1 1 2 0.06 30 30.25
2 1 3 0.19 0 34.34
3 2 4 0.17 0 36.04
4 3 4 0.04 0 47.53
5 2 5 0.2 0 49.75
6 2 6 0.18 30 52.37
7 4 6 0.04 70 54.97
15 4 12 0.26 70 69.37
Table 6
Power flow limits IEEE 57 bus.
Line
No.
Without
TCSCS
(MW)
Overload ranking
TCSCs insertion GA
(MW)
Overload ranking
TCSCs insertion GSA
(MW)
Limits
(MW)
Line 2 97.0675 83.7899 83.9947 85
Table 7
Voltage profile with and without TCSCs insertion.
Bus
No.
Without
TCSCs (pu)
GA overload ranking
TCSCs insertion (pu)
GSA Overload ranking
TCSCs insertion (pu)
31 0.8754 0.8954 0.9255
32 0.8879 0.9078 0.9398
33 0.8855 0.9054 0.9374
34 0.8992 0.9181 0.9484
Table 8
Summary of system performance.
Minimum
voltage
(pu)
Active
power
loss (MW)
Reactive
power
loss (MVAr)
System summary Without FACTS 0.875 33.19 143.78
System summary With FACTS 0.895 31.37 125.41
GA overload ranking
System summary With FACTS 0.926 30.25 89.09
GSA overload ranking
Table 3
Summary of the system performance.
Minimum
voltage
(pu)
Active
power loss
(MW)
Reactive
power loss
(MVAr)
System summary Without TCSCs 0.875 4.25 18.03
System summary With TCSCs GA
minimum voltage ranking
0.916 3.41 13.23
System summary With TCSCs GSA
minimum voltage ranking
0.924 3.35 11.79
System summary With TCSCs GA
overload ranking
0.902 3.84 15.38
System summary With TCSCs GSA
overload ranking
0.902 3.81 14.48
Table 9
Number of TCSCs overload ranking.
Line
No.
From
Bus
To
Bus
Line
reactance
(pu)
TCSC as percentage
of line reactance
GA
TCSC as percentage
of line reactance
GSA
2 2 3 0.085 0 30
3 3 4 0.0366 0 30
4 4 5 0.132 30 30
5 4 6 0.148 30 30
6 6 7 0.102 0 70
7 6 8 0.173 0 70
8 8 9 0.0505 0 70
14 13 15 0.0869 30 30
15 1 15 0.091 30 54.67
18 3 15 0.053 0 60.9
21 5 6 0.0641 30 70
22 7 8 0.0712 30 30
28 14 15 0.0547 0 70
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Without TCSCs system minimum voltage is 0.875, active power
loss is 33.19 MW and reactive power loss is 143.78 MVAr. With
TCSCs using GA by overload ranking: minimum voltage increases
to 0.895 pu which can be considered as an improvement to voltage
stability, active power loss reduces to 31.37 MW i.e. decreases by
around 5.5% and finally reactive loss reduces to 125.41 MVAr i.e.
decreases by around 12.7%. This can be considered as reserve for
active and reactive power of the system. With TCSCs using GSA
by overload ranking: minimum voltage increases to 0.926 pu
which can be considered as an improvement to voltage stability,
active power loss reduces to 30.25 MW i.e. decreases by around
8.86% and finally reactive loss reduces to 89.09 MVAr i.e. decreases
by around 38%. This can be considered as reserve for active and
reactive power of the system.
Table 9 shows number and locations of TCSCs for case study 2.
From results, it is shown that GSA get better results than GA but
in the expense of number of TCSCs used.6.3. Case study 3
The IEEE 118 bus system is taken as the system under study.
The generator at buses 4, 6, 8, 12, 15, 18, 19 and 113 are taken
as wave generators. The data of the system is given in [27]. The sys-
tem consists of 118 buses, 86 branches, and 54 generators at buses
1, 4, 6, 8, 10, 12, 15, 18, 19, 24, 25, 26, 27, 31, 32, 34, 36, 40, 42, 46,
49, 54, 55, 56, 59, 61, 62, 65, 66, 69, 70, 72, 73, 74, 76, 77, 80, 85, 87,
89, 90, 91, 92, 99, 100, 103, 104, 105, 107, 110, 111, 112, 113 and
116.
This study is carried out for a range of TCSCs from30% to70%
of the line reactance. Optimal allocation of TCSC with GA and GSA
are considered. Also two ranking techniques are studied ranking
according to minimum voltage and over load ranking.
After running the programwith the twomethod of ranking with
the two optimization techniques, the power flow results with and
without TCSC show that: Minimum voltage ranking method failed
Table 10
Voltage profile with and without TCSCs insertion.
Bus
No.
Voltage without
TCSCs (pu)
Voltage with TCSCs
insertion GA (pu)
Voltage with TCSCs
insertion GSA (pu)
1 0.8878 0.8907 0.9315
2 0.8936 0.8994 0.9387
3 0.898 0.9047 0.9453
13 0.8991 0.9089 0.9397
117 0.8885 0.8977 0.9334
Table 11
Summary of system performance.
Minimum
voltage
(pu)
Active
power loss
(MW)
Reactive
power loss
(MVAr)
System summary Without TCSCs 0.888 136.44 815.67
System summary With TCSCs 0.891 136.42 771.15
GA overload ranking
System summary With TCSCs 0.932 134.93 701.58
GSA overload ranking
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of limits. According to voltage profile, result shows that 5 buses
suffer from voltage less than 0.9 pu but with TCSCs insertion with
overload method of ranking in GA optimization technique 2 buses
voltage return to more than 0.9 pu and in case of GSA optimization
technique all 5 buses voltage return to more than 0.9 pu as shown
in Table 10 .
Summary of system performance:
As shown in Table 11:
Without TCSCs system minimum voltage is 0.888, active power
loss is 136.44 MW and reactive power loss is 815.67 MVAr. With
FACTS using GA by overload ranking: minimum voltage increases
to 0.891 pu which can be considered as an improvement to voltage
stability, active power loss reduces to 136.42 MW i.e. decreases by
around 0.015% and finally reactive loss reduces to 125.41 MVAr i.e.
decreased by around 5.5%. This can be considered as poor reserve
for active and reactive power of the system. With TCSCs using
GSA by overload ranking: minimum voltage increases to 0.932
pu which can be considered as an improvement to voltage stability,
active power loss reduces to 134.93 MW i.e. decreases by around
1.1% and finally reactive loss reduces to 701.58 MVAr i.e. decreases
by around 14%. This can be considered as reserve for active and
reactive power of the system.
Table 12 shows number and locations of TCSCs for case study 3.
It can be found that GSA gives better results than GA. Also it can
be noted that TCSCs give more reduction to the active loss of theTable 12
Number of TCSCs overload ranking.
Line
No.
From
Bus
To
Bus
X (pu) TCSC as percentage
of line reactance
GA
TCSC as percentage
of line reactance
GSA
1 1 2 0.0999 30 30
2 1 3 0.0424 30 30
3 4 5 0.00798 30 30
4 3 5 0.108 30 70
5 5 6 0.054 0 70
6 6 7 0.0208 0 70
7 8 9 0.0305 30 70
9 9 10 0.0322 30 70
10 4 11 0.0688 30 70
11 5 11 0.0682 30 70
13 2 12 0.0616 0 30
14 3 12 0.16 30 70
15 7 12 0.034 0 30
37 8 30 0.0504 0 30system if the system suffered from low voltage problem as in case
study 1 and 2 but if the voltage increased TCSCs give poor active
loss reduction as in case study 3.
7. Contribution of paper
The contributions of paper are: studying the effect of wave gen-
erators penetration in power system performance. Also the paper
compares between different optimization techniques and methods
of ranking to get the suitable one. The computational time was not
considered because it was not critical for the purpose of the study.
Finally the paper proposes a suitable tool for optimal location of
TCSCs to enhance performance of power system suffering from
wave generation penetration.
8. Conclusion
This paper has introduced the GSA to optimally find the loca-
tions of TCSC devices with the purpose of enhancing the power sys-
tem performance. The wave energy conversion systems are
included in such power systems to illustrate its effect, which
may increase the system losses and decrease the minimum voltage
of the systems. Examination of the proposed GSA is carried out
through the IEEE 39-bus, IEEE 57-bus and IEEE 118-bus systems.
The results have shown that the system performance is further
improved using the GSA optimization method than that by using
the GA method. It can be concluded that the proposed GSA can
be also applied to other FACTS devices location in power systems
to achieve such purposes.
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